nal segment weights were significantly reduced. In poults, inoculation caused a reduction in the intestinal segments and gizzard weight at 3 wk. During this same period, the liver and pancreas relative weights were dramatically increased in broiler chicks. A higher relative heart weight at 2 wk was observed in broilers and poults; this trend persisted to Week 3 in poults but not in broiler chicks. In broiler chicks, a nonsignificant reduction was observed for all enzymes assayed at 3 wk and for chymotrypsin at 2 wk. In Leghorn chicks, inoculation was accompanied by a marked and significant increase in the activity of chymotrypsin during both periods. In poults, inoculation caused a marked increase in the activities of amylase during Week 2 and 3, and trypsin at 3 wk.
Maltase and saccharase activities in the jejunum of broiler chicks were slightly depressed a t 2 and 3 wk, the depression being significant at 2 wk for maltase and at 3 wk for saccharase. In the Leghorn chicks, inoculation caused a twofold increase in the activities of both enzymes. As in Leghorns, inoculation of poults with SS infective material caused a marked increase in the activities of the disaccharidases. The different responses to SS inoculation in the different genetic stocks are discussed.
INTRODUCTION
Selection for rapid growth rate has largely contributed to the improved performance of today's broilers . However the outcome of this selection is a chicken that eats at near gut capacity when feed is available for ad libitum consumption, resulting in increased incidence of skeletal and metabolic disorders , and compromised immunocompetence (Qureshi and Havenstein, 1994) . Continuous selection for high juvenile body weight has changed the genetic composition of commercial broilers, and a negative correlation between growth and immune response traits has been reported in chicken populations (Siegel et al., 1982; Dunnington and Siegel, 1985; BoaAmponsem et al., 1991; O'Sullivan et al., 1992; Kruekniet et al., 1994; Qureshi and Havenstein, 1994) . On the other hand, chickens from lines selected for rapid growth that are fed diets low in energy and protein or that are feedrestricted may exhibit improved ability to adjust to disease challenges (Praharaj et al., 1995 (Praharaj et al., , 1996 . Stunting syndrome (SS) is a disease of young poultry, primarily affecting broiler chickens (Kouwenhoven et al., 1978a; Lilburn et al., 1982; Bracewell and Randall, 1984; Veltmann et al., 1985; Shapiro and Nir, 1995a,b) and turkey poults (Angel et al., 1990 (Angel et al., , 1992 Sell et al., 1992) . The most typical syndrome is that described by Bracewell and Wyeth (1981) , the first sign of which is uneven growth that can be detected at a very early age. Stunting syndrome seems to be a pathogen-related enteric disorder, but the causative agents have not been identified. Stunting syndrome can be experimentally induced by giving 1-d-old broiler chicks or turkey poults a single dosage per os of material prepared from a homogenate of intestines obtained from a flock of broilers (Shapiro and Nir, 1995a) or of turkeys (Angel et al., 1990) in which SS has been diagnosed. To the best of our knowledge, commercial flocks of Leghorn chickens are not affected by SS during early growth stages; experimental induction of SS in these chickens by inoculation of homogenate from SS-affected broilers has never been conducted.
The experiment reported here was designed to measure the responses to SS infective material obtained from affected broilers in a fast-growing commercial broiler population and in slow-growing Leghorn chicks. In addition, we measured responses of turkey poults administered the SS infective material obtained from broiler chicks.
MATERIALS AND METHODS
Inoculum was prepared essentially as described by Kouwenhoven et al. (1978b) and Angel et al. (1990) . Full gastrointestinal tracts (GIT) were collected from 8-to 14-d-old broilers afflicted with SS. The existence of the disease was confirmed by the regional veterinary laboratory. The GIT were blended with tryptosephosphate broth (TPB) using a wt/vol ratio of 1 GIT:0.5 TPB. The mixture was centrifuged at 5,000 × g for 30 min at 4 C. The inoculum (supernatant) was frozen at -22 C and brought to room temperature (20 to 22 C) before use. Birds were inoculated with 0.5 mL SS inoculum posthatch.
Three consecutive trials were conducted using 1-d-old males. Chicks or poults were transferred from the hatchery to a temperature-controlled (32 ± 1.1 C), lightproof room on wood shavings. Light was supplied continuously and the chicks or poults were fed a commercial starter diet in crumble form containing: 3,100 kcal ME and 21% protein for broilers; 2,900 kcal ME and 19% protein for Leghorns; and 2,900 kcal ME and 28% protein for turkey poults. All birds had free access to feed and water. Four pens (70 × 150 cm) equipped with a 40-cm-long double-sided feeder and two water cups were allotted to each treatment group, with 12 chicks or poults per pen for a total of 48 birds per treatment. The pens were separated with black FIGURE 1. Relative pH of gastrointestinal tract (GIT) contents on Weeks 2 and 3, by genetic origin of stunting syndrome-inoculated chicks or poults (SS) to native counterparts (NA) (n = 100). Bars designated by an asterisk differ significantly (P < 0.05) from the NA. FIGURE 3. Relative liver, pancreas, bursa of Fabricius, and heart weights (percentage of body weight) on Weeks 2 and 3, by genetic origin of stunting syndrome-inoculated chicks or poults (SS) to naive counterparts (NA) (n = 100). Bars designated by an asterisk differ significantly (P < 0.05) from the naive controls.
FIGURE 2.
Relative gastrointestinal tract (GIT) segment weights (percentage of body weight) on Weeks 2 and 3, by genetic origin of stunting syndrome (SS) inoculated chicks or poults to naive counterparts (NA) (n = 100). Bars designated by an asterisk differ significantly (P < 0.05) from the naive controls.
FIGURE 4.
Relative activities of digestive enzymes in the intestinal contents on Weeks 2 and 3, by genetic origin of stunting syndrome inoculated chicks or poults (SS) to naive counterparts (NA) (n = 100). Bars designated by an asterisk differ significantly (P < 0.05) from the naive controls. plastic screens to prevent visual contact. Body weight and feed intake were determined weekly. Naive control groups were kept in a separate room under identical conditions. At the ages of 2 and 3 wk, five birds per treatment were killed to determine organ weight, pancreatic enzyme activities in the intestinal contents, and disaccharidase activities in the jejunum. The birds were killed sequentially, one bird from each treatment group, by cervical dislocation. Each necropsy lasted approximately 6 min. The GIT segments were weighed without their contents. Content pH was determined immediately after content removal, using a glass electrode. The intestinal contents were kept frozen (-20 C) and the digestive enzyme activities therein were determined as reported previously (Nitsan et al., 1991) . Disaccharidase activity was determined according to Dahlquist (1964) as described by Mahagna and Nir (1996) . The jejunum was washed with saline, blotted on filter paper, frozen in liquid nitrogen, and stored at -80 C. The frozen segments were homogenized in distilled water and the activity following the addition of Tris buffer and maltose or sucrose was expressed as micromoles of disaccharide hydrolyzed per minute per gram tissue.
Statistical analysis was performed with SAS ® software (SAS Institute, 1985) using the ANOVA procedure. Means were separated by Duncan's (1955) multiple range test. For convenience, treatment effects on organ relative weight and enzymatic activities are presented as percentage of the naive control values.
RESULTS AND DISCUSSION
The most striking results of the present study was the different responses of broiler and Leghorn chicks to SS infective material obtained from broilers ( Table 1) . As in previous studies, (Shapiro and Nir, 1995a,b) , inoculation of SS infective material markedly reduced growth and feed utilization in broiler chicks. In contrast, SSinoculated Leghorn chicks exhibited improved feed intake and growth. This discrepancy could be due to the fact that in Leghorn chicks SS inoculation may act as probiotics participating to the establishment of a favorable microflora in the GIT of the chicks (Jensen, 1993; Mazurkiewicz, 1993) . There is evidence that optimum protection against Salmonella by competitive exclusion of Salmonella requires the use of large mixtures of the bacteria rather than single bacterial strains (Stavrick et al., 1991; Omar and Conner, 1996) . It may also be suggested that posthatch intubation of nutritive materials after hatching stimulated the digestive system of the Leghorn chicks, anticipated feed consumption and promoted growth, as shown by Noy and Pinchasov (1993) . In turkey poults, the effect of SS inoculation on performance (reduced body weight gain and feed utilization) persisted to 2 wk of age. Another explanation for the resistance of Leghorn chickens to SS inoculation may be the lack of receptor to the causative agent; consequently the latter cannot multiply and cause any harm.
At 3 wk, the effect of inoculation on pH in the crop and intestinal contents of Leghorn chicks was opposite to that found in their broiler counterparts (Figure 1 and  Table 2 ), i.e., a significant increase in the crop and small intestinal pH in the former vs a significant decrease in inoculated broilers. Inoculation of the broiler chicks did not affect pH in the proventriculus, whereas in Leghorn chicks it was reduced by 25%. Reduced pH in the intestinal contents of inoculated broilers has been reported previously (Shapiro and Nir, 1995a,b) . In poults, inoculation did not significantly affect pH of the GIT contents.
In accordance with previous studies, all GIT segments were markedly enlarged in the SS-inoculated broiler chicks at 2 and 3 wk (Figure 2 and Table 3 ). Leghorn chicks exhibited an opposite trend; intestinal segment weights were reduced at 3 wk, as was that of the crop. A moderate but significant increase in gizzard weight was observed at 2 and 3 wk. In poults, inoculation resulted in reduced intestinal segment and increased gizzard weights. This trend concurs with that reported by Angel et al. (1990) . At 2 wk, inoculation did not significantly affect the weights of the liver, pancreas, or bursa of Fabricius in any of the stocks assayed ( Figure 3 and Table 4 ). At 3 wk, the liver and pancreas relative weights were dramatically increased in broiler chicks, in accordance with a related study (Shapiro et al., unpublished date) . The enlarged liver and pancreas could be the consequence of compensatory feed intake and body weight gain, because at 3 wk, feed intake of the inoculated broilers exceeded that of their naive control counterparts. The higher relative heart weight at 2 wk observed in broilers and poults may indicate higher blood pressure. This trend persisted in poults but not in broilers to Week 3. The increase in heart weight observed in Leghorn chicks was not significant. In chickens, mean pulmonary artery pressures are linearly related to the relative weight of the right ventricle and total ventricular mass (Burton et al., 1968; Sillau et al., 1980) . The response of pancreatic enzyme activities in the intestinal contents to inoculation varied among stocks ( Figure 4 and Table 5 ). In infected broiler chicks, the reduction of all enzymes assayed at 3 wk and of chymotrypsin at 2 wk were not significant. Inoculation of broiler chicks with SS-infective material has previously been reported to be accompanied by a reduction in digestive enzyme activities (Shapiro and Nir, 1995b) .
In Leghorn chicks, inoculation was accompanied by a marked and significant increase in chymotrypsin activity during both periods. In poults, inoculation significantly increased the activity of amylase at 2 and 3 wk, and that of trypsin at 3 wk.
Maltase and saccharase activities in the jejunum of B chicks were slightly depressed at 2 and 3 wk, the depression being significant at 2 wk for maltase and at 3 wk for saccharase ( Figure 5 and Table 6 ). Quite similar results were obtained in a related study, i.e., an important regression in the activities of these enzymes in SS-inoculated B chicks at 1 wk followed by an almost complete recovery at 2 and 3 wk (Shapiro et al., 1997) . In the Leghorn chicks, inoculation resulted in a twofold increase in the activities of both enzymes. Similarly, inoculation of SS-infective material caused a marked increase in the activities of the disaccharidases in turkey poults. This trend was in contrast to the response of poults inoculated with SS material obtained from SSinfected poults (Angel et al., 1990) . In chicks and poults with experimentally induced SS from infective material obtained from broilers, the impact of the physical and physiological changes varied among stocks. The GIT is an important barrier between the external and internal environments, and an important component of this barrier is the local immunity found in the intestines (Jeurissen et al., 1989; Schat and Myers, 1991) . A delay in the maturation of the GIT-related immune system in broiler chicks could contribute to the higher sensitivity of this strain to SS than Leghorn chicks. Peleg et al. (1985) have shown that the capacity of Leghorn chicks to respond to Escherichia coli develops earlier than in broilers.
The adverse effects of inoculation on growth and feed utilization in poults were most probably due to agents present in the GIT of diseased broilers. It is suggested that Leghorn chicks were able to overcome the affliction caused by these agents, mainly due to the earlier maturation of their intestinal immunity.
FIGURE 5. Relative activities of maltase and saccharase in the jejunum on Weeks 2 and 3, by genetic origin of stunting syndromeinoculated chicks or poults (SS) to naive counterparts (NA) (n =100). Bars designated by an asterisk differ significantly (P < 0.05) from the naive controls.
According to Pimentel et al. (1991) and Nathan et al. (1977) , feed restriction affects adversely immunity in Leghorn chicks. In contrast, chicks from lines selected for rapid growth, when fed diets high in energy and protein, may maximize their body weight by a preferential allocation of greater proportion of resources to growth which, in turn, reduces their ability to adjust rapidly to disease challenges. In accord with the above statement, lesion scores and mortality from E. coli challenge were greater for birds that consumed feed ad libitum than for feed-restricted counterparts (Praharaj et al., 1996) . It should also be kept in mind that in the present study the chicks were challenged per os post hatch and any comparison to a later challenge via i.v. injection is only speculative.
The combined or specific interaction of two factors could tentatively explain the diversity of inoculation effects. 1) Host specificity, presence or absence of receptors-broiler chicks and turkeys were found to be susceptible to SS inoculation; however, Leghorns are genetically closer to broilers than turkeys, therefore, host specificity or the absence of receptors to the inoculum in Leghorns is presumably not valid. 2) Susceptibility related to specific physiological aspects of rapid growing birds-both broilers and turkeys were selected for rapid growth, and subsequently immunocompetence is compromised. It is suggested that all hosts were susceptible; however the immune response of Leghorns may be better equipped to deal with the infective agents present in SS inoculum.
